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Human immunodeficiency virus type 1 (HIV-1) tagged with the Escherichia coli supF gene has been used to
clone integrated HIV-1 proviruses. Sequence analysis of the 600 to 800 bp of human DNA adjacent to 29 clones
revealed a propensity for HIV-1 to integrate near the Alu class of human repetitive elements.
In the life cycle of human immunodeficiency virus type 1
(HIV-1), integration of the viral genome into the host DNA is
required for the production of progeny virus (4). Much is
known about the integration reaction, and numerous studies
have described the general nature of retroviral integration site
selection (2, 8, 9, 11, 12, 14, 17, 19; for a review, see reference
15). However, over lengths of several hundred base pairs rel-
atively few direct sequence data regarding the host sequences
flanking integration sites are available. In a previous study of
eight cloned HIV-1 proviruses containing significant amounts
of human flanking DNA (16), seven of the eight proviruses
were found to contain either a human long interspersed nu-
clear element 1 (L1Hs) or an Alu element within 200 bp of the
provirus. This suggested that a similar analysis of a larger set
would be worthwhile.
Because it was difficult to obtain a large library of HIV-1
proviral clones by conventional methods, a strategy pioneered
with murine retroviruses (6, 7, 13), using a tagged retrovirus,
was employed. Here, by inserting the bacterial supF gene into
the 39 long terminal repeat (LTR) of HIV-1, it was possible to
recover proviruses, using a lambda vector containing amber
mutations and Escherichia coli cells which lack supF sequences.
The supF gene was inserted into the PmlI site in the U3 region
of the 39 LTR of the plasmid pCADA (Ron Swanstrom, Uni-
versity of North Carolina at Chapel Hill), which contains a
derivative of the HIV-1 strain NL4-3 (Fig. 1A). The supF
sequence is duplicated during reverse transcription and be-
comes part of both the 59 and the 39 LTR in the provirus (Fig.
1B). This facilitated the cloning of whole proviruses and their
associated flanking sequences as well as partial-length provi-
ruses containing only a 59 or 39 LTR together with flanking
human sequences. The supF gene was inserted into the nef
gene, which in pCADA contains a 60-bp deletion. Neither the
60-bp nef deletion nor the insertion of the supF gene was found
to interfere with the replication or integration of the supF-
containing virus (data not shown). Transcription from the 59
LTR of HIVsupF was not compromised, as the PmlI site is
upstream of the TATA box and the major transcription factor
binding sites (Fig. 1C). Reverse transcriptase assays from
HeLa cells transfected (1) with the HIVsupF construct showed
that both the parent vector and the supF-containing vectors
produce reverse transcriptase at levels.1,000 fold above back-
ground levels (data not shown). Reverse transcriptase activity,
however, is not an indication of infectivity, integration, or rep-
lication. Therefore, the virus from the transfection supernatant
was used to infect CEMx174 cells, a cell line highly permissive
for infection with pCADA, the plasmid carrying the HIV-1
strain from which HIVsupF is derived. HIVsupF produced
viable virus in CEMx174 cells, as shown by its ability to form
syncytia, at levels identical to those of virus produced from the
pCADA construct.
Genomic DNA from human cells infected with HIVsupF
was partially digested with Sau3AI, and 15- to 24-kb DNA
fragments were cloned into lambda Charon 40A (3) and pack-
aged into phage. E. coliMC1061 cells (sup0) were infected with
the resulting recombinant phage, and those containing HIV-1
proviral DNA formed plaques. Fifty-two candidate clones con-
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FIG. 1. Construction of the HIVsupF clone. (A) Map of pCADA, which
contains a full-length, transcription-competent molecular clone of HIV-1 derived
from the HIV-1 NL4-3 strain. The PmlI site in the HIV-1 39 LTR was used for
the insertion of the supF gene. (B) Representation of an integrated HIVsupF
provirus. The supF gene, which is duplicated into the 59 LTR during reverse
transcription, is denoted by a black rectangle. (C) Enlargement of the site of the
supF gene insertion. The PmlI site is contained in the nef gene and is upstream
of the TATA box and the SP-1 and NF-kB binding sites.
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taining HIV-1 sequences as shown were identified by Southern
hybridization. Further analysis indicated that 23 were full-
length clones with various amounts of human DNA on both
sides and 29 contained partial HIV-1 genomes because of
cleavage at a Sau3AI site within the proviral DNA. Clones
termed 59 clones contain 59-flanking sequences and various
amounts of HIV-1 provirus but do not contain 39 flanking
sequences. Similarly, 39 clones were also present. Clones
HIVS22 and HIVS29 (Table 1) could not be definitively as-
signed as 59 or 39 clones by Southern blotting. Sequence anal-
ysis, however, showed that HIVS29 was a 59 clone and that
HIVS22 was a 39 clone (Table 2; Fig. 2 and 3).
Bacteriophage lambda DNA from 29 HIVsupF clones con-
taining partial HIV-1 genomes (19 59 clones and 10 39 clones)
was prepared, and the first 600 to 800 bp was sequenced by the
UNC automated DNA sequencing facility. The sequence data
were compared with the sequences in GenBank by using the
BLAST and FASTA (10) modules of the Genetics Computer
Group program using the default parameters. Clones which
showed homology to either L1Hs or Alu sequences were then
tested directly against a consensus sequence (humtnl22 for
L1Hs elements or humalurp7 for Alu elements) to normalize
all of the sequence identities and element polarities. A homol-
ogy window of greater than 70% is considered reasonable for
comparisons of repetitive elements within a species (5) and was
adopted for these analyses.
This analysis (Fig. 2 and 3; Table 1) showed that 3 of the 29
clones (10%) contained L1Hs sequences in their flanking
DNA. In HIVS29, the provirus had integrated into an L1Hs
element. The other L1Hs elements were 252 bp (HIVS10) and
427 bp (HIVS12) away from the beginning of the proviral
sequences (Fig. 2). In clone HIVS2, an open reading frame
which is 100% identical to an expressed sequence of over 148
bp in GenBank (H11552) was found. Although the gene for
this expressed sequence is uncharacterized, the open reading
frame corresponds to a possible exon, on the basis of the pres-
ence of conserved intron-exon junction sequences. Analysis of
the clones (Fig. 2 and 3; Table 1) showed that Alu elements
were present in 59% of the isolates, with several instances
TABLE 1. HIVsupF 59 and 39 partial clones: presence of L1Hs


















HIVS6 59 684 Alu 123d 75
HIVS7 59 685 Alu 300d 72
HIVS8 59 693 Alu 292 82
HIVS9 39 647 Alu (2) 110d, 179d 92, 78
HIVS10 59 681 L1Hs 386d 72
HIVS11 59 703 Alu (2) 120d, 230 72, 80
HIVS12 59 680 L1Hs, Alu 255d, 297 71, 79
HIVS13 39 611 Alu 312 78
HIVS14 59 685





HIVS20 39 713 Alu 315 82
HIVS21 39 729 Alu (2) 273
d
, 130d 78, 72
HIVS22 39 687 Alu 300 80
HIVS23 39 721 Alu 310 80
HIVS24 39 699 Alu 261d 78
HIVS25 59 726
HIVS26 39 733 Alu (2) 255d, 190d 82, 71
HIVS27 59 721
HIVS28 59 717 Alu 300 75
HIVS29 59 719 L1Hs, Alu 250d, 222 73, 71
a Values in parentheses are numbers of elements encountered.
bWhen more than one value is listed, if an L1Hs and an Alu element were
encountered the first value refers to L1Hs and the second value refers to Alu.
c Percent identity relative to GenBank L1Hs consensus sequence humtnl22 or
Alu consensus humalurp7.
d Sequence continues in clone beyond the segment sequenced here.
TABLE 2. Sequence features of human DNA flanking





of: % A or T
L1 Alu
HIVS1 59 This study CAGTA 2 1 47
HIVS2 59 This study GTCTT 2 2 58
HIVS3 59 This study CCCTT 2 2 60
HIVS4 39 This study TTAGC 2 2 67
HIVS5 39 This study GTTTC 2 2 48
HIVS6 59 This study TGATT 2 1 67
HIVS7 59 This study GGAGG 2 1 50
HIVS8 59 This study GAAGC 2 1 58
HIVS9 39 This study ACTAA 2 1 52
HIVS10 59 This study CTCCT 1 2 62
HIVS11 59 This study ATCAC 2 1 53
HIVS12 59 This study CTTTT 1 1 57
HIVS13 39 This study AGCAG 2 1 52
HIVS14 59 This study CTTCC 2 2 61
HIVS15 59 This study GCCTC 2 1 52
HIVS16 59 This study GGGTG 2 2 36
HIVS17 59 This study GAGAT 2 2 57
HIVS18 59 This study GAGAC 2 2 52
HIVS19 59 This study CCAGC 2 2 47
HIVS20 39 This study TGGAA 2 1 58
HIVS21 39 This study TTCCC 2 1 50
HIVS22 39 This study CACCC 2 1 46
HIVS23 39 This study GGCAC 2 1 54
HIVS24 39 This study ATAAC 2 1 58
HIVS25 59 This study GTTAT 2 2 64
HIVS26 39 This study CTAGG 2 1 56
HIVS27 59 This study GCTGC 2 2 56
HIVS28 59 This study GTACA 2 1 50
HIVS29 59 This study AGCTC 1 1 58
YU-6 NAc 16 GAACC 1 2 NA
SF2 NA 16 GAAGG 1 2 NA
SF162 NA 16 AGTAT 2 1 NA
SF73 NA 16 TTCCT 1 2 NA
pSG31B NA 16 AAAAT 1 2 NA
pSG95x NA 16 GTATC 2 1 NA
pBENN5 NA 16 ACATA 2 1 NA
pPV60B NA 16 GGATA 2 2 NA
168.7 1 NA 20 GCATG NA NA NA
320.2A 1.1 NA 20 TTTAC NA NA NA
320.2A 1.2 NA 20 GATCA NA NA NA
320.2A 2.1 NA 20 ATAAG NA NA NA
320.3 4 NA 20 AAGAG NA NA NA
320.3 7 NA 20 GTGTT NA NA NA
320.3 1 NA 20 GTATT NA NA NA
320.3 6 NA 20 GTAAG NA NA NA
HXB2 NA 20 GTAGT NA NA NA
a Sequence of 5-bp target site duplication (TSD).
b 2, absent; 1, present.
c NA, not applicable.
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of multiple repetitive elements: L1Hs/Alu chimeras (HIVS12
and HIVS29) and Alu/Alu chimeras (HIVS9, HIVS11, and
HIVS21). Of the 21 Alu elements encountered, 10 were in the
same transcriptional orientation as the provirus and 11 were in
the opposite orientation. Each of the three L1Hs elements was
in the opposite transcriptional orientation as the provirus.
Target site duplication sequences have previously been an-
alyzed for nine clones (20), from which a loose consensus of
GTPuNN was derived. Table 2 contains the individual target
site duplication sequences for the 29 HIVsupF clones, the
clones analyzed in our previous studies, and the nine sequences
from Vink et al. (20). There appears to be a preference for G
residues at the first position (48%), T residues at the second
position (44%), A residues at the third position (42%), A or T
residues at the fourth position (65%), and T or C residues at
the fifth position (65%). This would suggest a consensus se-
quence of GTA(A/T)(T/C), an elaboration of the previous
consensus.
In this study a molecular clone of HIV-1 which contains the
E. coli supF gene was constructed to selectively clone both
full-length and partial HIV-1 proviruses and their human
flanking sequences. In 59% of the partial clones whose se-
quences are described in this work, a human Alu repetitive
element was found within 600 bp of the provirus. The signifi-
cance of this value depends strongly on knowledge of the
average spacing of Alu elements in the human genome. Many
studies have suggested that Alu elements are clustered into
“Alu islands” (17, 18). If so, and if HIV-1 preferentially inte-
grates into Alu islands, this might suggest that these are regions
of chromatin structure that are particularly favorable for both
retroviral and retroposon integration. Further analysis of
greater lengths of the flanking DNA in the clones described
here and in additional examples should shed light on this
possibility.
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